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EDITORIAL 


GRAPHICS STANDARDS AND PRACTICES 


The SEGGRAPH Graphics-Applications Subgroup 
will meet in Anaheim, Califernia on July 139-20, 
At this work mesting, additional recommendations 
for graphics standards wiii be formulated, in pre- 
pbaration for presentation at the August SIGGRAPH 
Conference. 


A Wational Graphics Network is being formed, 
under the leadership of Richard Schuiman, Commander, 
u. oS. Navy, Peams of graphics professionals wili 
work together on the following preject subcommittees 
at the Anaheim meeting: 


Wattonal Graphics Network; 

Classification amd? Characteristics Projects; 
Graphics Standards ‘'sam; 

Standards Glossary Project; 

Technology Impact on Standards Team; 

Raster Graphies Project, 


TH th we to ha bv 
of . 


Due te a prier commitment for the ACM/NSF Can 
puters and Society /Computer Literacy Workshop, T . 
will not at@end this work session, but will partici- 
pate in the project at a later date, Prom the meet- 
ing, We Bopa to have summaries of important decisions 
regarding graphics standards and practices in the 
Vovember issue of CGGA. 


In preparing materiais ta be sent io the meer- 
ing, I reviewed again the in-depth “Status Report of 
the Graphics Standards Planning Committee", published 
by a2CH/SIGGRAPH last year, f1/ The report is su- 
perbiy organized, is highly readable, and it refleces 
a great dea? of excellent teanwork by participants of 
GgPo, Anyone interested in graphics standards and 
practices should get involved with this fine group. 
fheir reports are also exceiient materials For graphics 
software classes ta study in depth. 


WAY GRAPaICS STAVDARDS ? 


as any discipline for art) matures sufficiently, 
there is a need to assess technigues, approaches, and 
materials, to find the coré of principles that are 
being utilized in the given art. In some areas (fine 
art For example), there has been a tendency for many 
practitioners ta geek "pure" Freedom —- ta disregard 
principles and standards. However, evén in such a 
free field as art, oritics and scholars seek to ana 
lyse, synthesize and specifically state what is being 
accomplished by practitioners. 


This is deliberately mentioned, because compu— 
ter science is often considered to ba an art/science. 
Many persons think of It as an applied science. 3ome 
individuais prefer to define it as a pure science. It 
ig aii three, 


Tf camputer graphics is to advance beyond pre- 
Sent Zavels, it is mandatory that standards and prac- 
tiges are formulated, disseminated, and practiced. 


The need for standards is precisely stated by 
the GSP¢ in a beautiful, brief paragraph: 


‘Workers in a given Field seek a standard when 
they recognize the field te ba maturing and that 
separate and duplicate efforts are expended to ar- 
rive at comman goals. he fieid of computer gra- 
phics has now matured to that point." /2/ 


Phis comcise, excellent statement says volumes! 
However, computer programmers too often consider 
programming #0 bé a personal “aré", and because of 
this, reject the need for graphics standards, But 
the trend is obviows -~ and establishment of accep- 
ted (practiced) standards is inéyitabie, 


FOUR METSOLOLOSICAL THEMES 


In the GSPC ceview, four important methodolo- 
gical themes are discussed in depth: 


i. Portability of programs fand programmers) 
is the most significant purpose of @ standard. 

2. Those issues which affect portabiiity are 
those which affect application pragram structure, 
and therefore deserve the most attention, 

3, Methodology of both design and use of a 
Standard per se is as important as its semantics 
ffupotional capability). Syntax and special cali- 
ing seguences aré much less important, 

4, The functions of constructing and manipu- 
dating an object, and of producing a picture of the 
object, shovld be cleanly separated.../3/ 


Because of space, I wili just briefiy comment 
on @ few items here, Anyone working in graphics 
over a period of time readily accepts the idea of 
portability, The GSFC group does not consider ab- 
solute portability ta be realistic at this time for 
in the near future), and would accept a small amount 
oF routine alteration to the source program, /4/ T 
Would regard the search for ‘absolute portability" 
ag a source of ideal graphies principles and would 
hope that this could be achieved in the near future. 
To am perhaps a purist. 


Two significant regommendations are far: 


i. Deévice-independent graphics systems; 
2, Hachine-independent graphics systems, /5/ 


Woteworthy is the idea or "programmer porte 
bility", the need and ability for a programmer to be 
able to move from one installation to another without 
the need for extensive retraining. Let us hope that 
the manufacturers heed these excellent graphics stan— 
dards and recommendations! 


SUMMARY 


In the next issue, we will publish a ‘“wish-Ijst" 
of standards, practices, and suggestions for compu 
ter graphics, SIGGRAPH is to be complemented on hay- 
ing # core group of cooperative professionals wha are 
Willing #0 work together to form nééeded standards and 
practices, For it is obvious that computer graphics 
has matured begond its initial periad of "free" axpe- 
rinentation, to have allowed the development of 2 body 
ef knowledge and sensible practices to form adequate 
professional graphics standards. 


a 
Editor, CCgA 


fif ACM/STGGRAPH, “Status Report of the craphie 
Standards Planning Committee of ACM/SIGCRAPA, 
ACM, Vol, 21, No, 3, Fall, 1977, Ii? pages, 

/2f Thid., p. i, 

f3/ Tbid., op. ii. 

fd/ Tbid,, p, IIT-2. 

fof Ibid., p.- II-2. 
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COMPUTER ART SYSTEM: ART-3 


oy Mutsuko K, Sasaki and Tateaki Sasaki 
Institute of Physical and Chemical esearch 
Wako-shi, Saitama 351, JAPAN 


ABSTRACT 


BELG!: "Fire Mapie I° by Mutsuke Sasaki, detail 
ox portion of the cover from Augusé, 1977 issue 
ef "Computer Graphics § Art", 


Hand-drawn figurés are yery useful for comnu- 
ter art, just as they are for conventional pictori- 
al art, This article describes a picture-generating 
computer art system, ART-3. Tha main purpose of 
this system is to process band-dramm figures, &rt-3 
is uritien in FORTHAH IV, and it can generate func- 
tional patberns as well, Two pictures generated by 
ART-3 are shown. 


1. INTRODUCTION 


The first process in making a picture by the 
conventional way is to sketch figures -- that is, 
to draw Figures by hand, In this sense, hand-drasm 
figures are the principal components of moat of the 
conventional art pictures, regardless of whether 
they are realistic or abstract. It is evident that 
hand-drawn figures are also very useful for computer 
art. 


The majority of pictures generated by using 
computers so far are, however, composed of slmple 
moire patberna or systematic patterns, The reason 
is clear: auch patterns are easy ta wenerate éven 
for artists having poor backgrounds in programming, 
while processing of hand-drawn figures requires ra- 
ther conplicated programming techniques. 4everthe- 
less, several computer artists have utilized hand- 
drawn figures and generated pictures transcending 
the conventional "wire cage” like pictures. Among 
others, Duane Palyka /1/ generated very elaborate 
and truly artistic pictures. 


Some of the existing computer art syslems can 
handle hand-drawn figures, The famous MTHI-EXPLOA 
f2/ is one of auch systems, MINI-EXPLOR is, how- 
aver, a language-driven system, and it is not con- 
venient for handling irregular figures, In order 
to handle hand-drawn figures, it is necessary to 
have facilities for hidden surface slimination, 
gurface-painting, and so on. 


Ye have canstructed a picture-generating com- 
puter art system named ART-3 and have used it to 
generate art pictures for the past two years. ‘ae 
ART-3 is equipped with elementary facilities for 
processing hand-drawn Pigures, and it can operate 
functional patterns as well, ART-3 is written in 
FORTRAN IV, and it assumes a plotter as an output 
device. 


We describe in this article, most of the fa- 
cilities of AAT-3, which should be useful for the 
readers who are planing to construct such systems. 
We do not describe the algorithms employed in ART-3, 
because they are quite familiar to people in compu- 
ter graphics. 
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AHOVE: Another portion of the August, 1977 CGEA 
cover by Mutsuko Sasaki, revealing the unique tex- 
tures painted by the ART-3 system. 


@. FIGURES AND TREER REPRESENTATION IN ART-3 


ART-3 accepts only linear and planar figures, 
and not cubic figures. That is, only two-dimen- 
Sional representations of the figure are available, 
Three-dimensional representations of the figure are 
too tiresome and troublesome far the user to pre- 
pare, and in our case, they are never advantageous 
aver two-dimensional Fépreséentations, because the 
canvas is two-dimensicnal, 


In ART=-3, any acceptable figure must be drawn 
by connecting Lattice points of a ene hundred by 
one hundred aquare lattice, Every Lattice point 
must be papresented by a two-dimensional vector -- 
each component is one of the positive integers from 
0 ta 99. However, the nujl vector [0,9] is not 
allowed to be used, because it is interpreted as 
the end of the figure data (cf. aubsection 3.2). 
Figuré 1 shows en acceptable figure. 


An acceptable figure is, in general, composed 
of a set of figure parts, Hach figure part is a 
sequence of line sepméenta joined with aach other, 
one by ane, Thus a planar figure part is nothing 
but 4 polygon, We assume that the polygon repre- 
senting the figure part is simple; i.e,, each line 
segment of the polygon dees not intersect with any 
line segment of the polygon, except that it is con- 
nected with two neighboring Line segments. This 
ASSUMption imposes no restriction on us, because 
any planae polygon can be divided inte a set of 
simple polygons, For example, the figure show 
by Figure 2 is divided into ten figure parts. 


Each figure part is therefore represented by 
a sequence of non-null two-dimensional yectors 
pointing the nodes of the figure part, and each 
Figure is represented by a set of such sequences. 
& complete figure representation must include 
further information because there are different 
types of figure parts, 


nae, 


u} 


ABOVE: Figure Io - An axampie of the Figure acu 
ceptabie by ART<$3. This figure Was drawn by con— 
necting dattice points, and it is composed of ten 
figure parts ladéied oy integers, 


ART<$3 accepts the follewing four types of 
figure parts: 


Type 1 - Linear figures; 


Type 2 - Contours of opaque abjects with 
holes excluded; 


Type 3 = Contours of heles in objects; 


Type 4 


t 


Contours of transparent objects witn 
holes axcluded, 


For example, in Figure 1, Figure parts of 1 
and 2 and of Type 1; figure parts 3, 4, 7, and 
10 are of Type 2, and figure parts §, 6, 8, and 
GQ are of Type 3. The figure part of Type 4 is 
used to superpose different textures, as we shall 
explain later, 


In order to indicate the type of each Figure 
part, we add an extra two-dimensional vector at 
the head of the sequence of vectors representing 
the figure part, The first component of this 
extra vector has either the integer -l or -2 or 
-3 or -4, depending on whether the figure part is 
af Type l or 2, or 3 or 4, respectively, The 
second component is a positive integer less than 
100, and it can be used as a label of the figure 
part. For example, the representations of fi- 
eure parts 1, 2, and 3 in Figure 1 ere shown in 
Figure 2, 
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BELOW: Example of functional patterns 
generated by ART=3, 


€ (-1, 1), 040,71), (42,703, C4, 682, (47,64), (48,60) > 
€ (-l, 2), (60,71), (58,70), (56, 68), (53,64), (52,60) > 


C (-2, 3), (50,61), (48, 60), (47,58), (48,56), (50,55), 
(52,56),(53, 58), (52,60), (50,61) ) 


ABOVE: igure 2 - Schematical representarion of the Figure 
parts 1, 2, and 3 gshowa in Figure i, fhe first vector in 

each sequence represents the type and the label of the cor— 
responding Figure part, Other vectors reoresent the nodes 
of the figure parts, 


1 ™? 
| CANVAS-SETTING 


- 


READ NEXT CARD 
READ FIGURE DATA 


TRANSFORM THE FIGURE 


CHANGE FIGURE TYPES 


BELOW: Sutterflg with textures by super- 
bosing different pattern elements, {See 


EMBED FIGURE PARTS Figure 7 For another example, 
IN THE CANYAS 


AND “PAINT” THEM 


ABOVE; Figure 3 - The flow diagram of picture generation in 
ART<3. In the present version of ART~3, ali data but canvas- 
setting parameters are input by cards, By "-I" cards, we 

mean the data cards containing the system-driving commands , 


One will notice that the first vector of 4 
sequence of vectors representing 4 figure part 
is special, in that it contains the minus slgn. 
Therefore, we can range all sequences of vectors 
representing the figure parts gequentially with- 
out any delimiters: one can detect the head of 
a sequence of vectors representing a figure part 
easily by searching for the minus Sign. We think 
that our representation is simple enough to use 
even for non-expert users, 
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3, PICTURE-CENERATING FACILITIES 


In the present version of ART-3, except for 
the canvas-setting parameters, all system-driving 
comands, as well as the figure data and the fi- 
Gure-processing data are input by cards. 


Figure 3 3ketches tha job flow in ART-3, 
An "sI" card indicated in Figure 3 is a syatem- 
driving card, and it contains a negative integer 
in its first five columns and/or next five colums, 
Each procedure described in Figure 3 is programed 
as a Separate subroutine, When a data card is read 
in, a required sudroutine is called, and a job 
Step is executed, Therefore, the job flow is 
very simple, and the user can understand the per- 
formance of the system very easily, The "-9" card 
is a special card that ends the job. In the next 
section, we shal} explain the picture-generating 
facilities in detail, 


3.1 CAMVAS-SETTING 


The canvas is supposed to be covered hy a 
uniform rectangular lattice, with LATICX vertical 
axes and LATICY horizontal axes, The interval of 
two neighboring axes is DX in the horizontal direc- 
tion, and DY in the vertical direction, Usualiy, 
we set DX = DY = 1mm. Many figure-processing 
operations, such as the hidden surface @limina-~ 
tion or the texture generation, are prescribed 
only on these lattice points. 


In this sense, We can regard the canvas as 
being quantized into LATION, LATICY lattice points. 
The user can narrow the canvas area capable of 
being pictured by setting parameters MINLX, MAXLX, 
MIYLY, and MAXLY to allow soma integers such that 
1 = MINLX © MAXLX 2 LATICY, and 1 2 MINLY < MAXLY 
FLATICY. Then, only the lattice points {(i,3); 
MINLK Zi 8 MAXLX, MINLY £ j ¥ MAXLY} are avail- 
able. 


3.2 INPUITING THE FIGURE DATA 


in the previous section, we have mentioned 
that a figure is represented by a sequence of 
twoedimensional non-null vectors, each heving in- 
tegers of at most two digits as its components. 
We, therefore, assign two columns of the data 
ecard For each integer. Thus the Figure is input 
by a set of cards, with ferty integers punched 
densely on each card with no delimiters. The end 
of the figure data is detected by finding the 
null vector (0,0). We need not punch any charac- 
ter at the end of the sequence of vectors, How- 
ever, if the last vector ends at the 80th column 
of a data card, we must add another blank card bo 
indicate the null vector, 


Figure 4 illustrates tne data cards for the 
figure shown in Figure 1. 


BELG: Figure 4 - Data cards for inputting the 
pattern shown in Figure 1, The sequence of vee- 
tors must end with the null vector fi,e., Four 
blant columns), 


ABOVE: Figure 5 - Illustration of figure trans- 
formation. These figures are obtained ay trans- 
forming concentric circles in the horizontal di- 
rection. {For another example, see the next page,} 
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If a new figure is input, the previous figure 


data are erased, That is, not moré than one Figure 


ls existing in the computer memory. According to 


our experience, this restriction is useful far mak- 


ing system-driving easy for the users, and it does 
not inconvenience the user too much. 


3,3 FIGURE TRANSFORMATION 


The user can transform thé shape of the fi- 
fure by using simple mathematical functions pre- 
pared in the system. The transformation can be 
made many times for a figure, then the original 
figure is transformed each time. APT-2 stores 
about twenty functions for the figure transforma- 
tion, 


The transformation is performed in two mutu- 
ally perpendicular directiona successively and 
independently. For examnle, when such directions 
are horizontal and vertical directions, a vector 
(X,Y) of the figure data is transformed into a new 
vector [X',¥'} as follows: 


r ‘ Vv os + 
x ay f(x Ko3by) Ro? 


a . = i + i. 
5 Gee ree eet ae 


Where f and g¢ are transformation functions, 
{X_.¥,) ie a transformation center; ay and by are 
magnitudes of transformation, and b, and b, are 
parameters characterizing fF and g, respectively. 
Except for the numbers designating f and g, all 
other paranebers are given default values. For 
example, (X.,¥e) is set to the figure center un- 
less it is specified by the user. 


Figure 5 shows two figures transformed from 
the concentric circles. 


3,4 EMBEDDING FIGURE PARTS JH THE CANVAS 


When a figure is input, all its figure parta 
are distinctively labeled with numbers 1, 2, «+4; 
N tN is the number of the figure parts), The 
figure part appearing k-th in the figure data is 
labeled by k. Thus, it is convenient that the 
user labels each figure part in the same way. 


In ART-3, the user must give two integers, 
say Land j, 1 7i4 3 2M, to designate figure 
parts to be embedded in the canvas. Then a set of 
Figure parts with labels i, i+l, ..., j are called 
and precessed in the same way. If the figure has 
been transformed, the transformed figure parts are 
processed, If i=j, the figure part with label i 
is processed. The user must specify further the 
location, the size, the rotation angle, the tex- 
ture pattern and the gray acale of the figure part 
to be processed. 


If the user does not specify the texture pat- 


terns, then only the contours of Figure parts are 


drawn with no textures. We shall describe the tex- 


ture generating facilities in the next section. 


It showld be noted that a figure of Type 3 
ia treated as a hole of the Figure part of Type 2 
or 4 to be drawn just after it, Furthermore, the 
uger can change the type of any figure parts 
dynamically by using type-changing command cards, 
as is indicated in Figure 3, 


BELOW: A second transformation, from Figure 5, 
the patterns ara transformed in the horizontal 
direction. 


If some figure parts are overlapped over 
gach other, the overlapping surfaces of the latare 
ambedded Cisure parts are eliminated unless the 
cavering Figure nart is tramsaparent. If a Pizure 
part is embedded outside the available canvas area, 
it is not drawm at all. If a Cigure part protrudes 
the available canvas, its protruding part is auto-= 
matically eliminated, These are alementary facilie 
ties for processing hand-drawn figures, 


4, TEXTURE-GENERATING FACILITIES 


In addition to the facilities described so 
far, the provision of various lexture-generating 
facilities are indispensable for generating truly 
artistic pictures, 


4,1 PATTERN ELEMENTS 


Figure 6 shows the pattern elements being 
prepared in ART-3, The size of these pabtern 
elements are not fixed but are changeable, Thus, 
the gray scale of the texture is centrolled by 
changing the pattern elements and/or their sizes. 


Although ART-3 provides the user only with 
the elements shown in Figure 6, the user can ge- 
nerale more complicated elements by Superposing 
different elements: such superposition is possible 
because the transparent surface (i.e., the Figure 
of Type 4) is allowed in ART-3. Figure 7 illus- 
trates the superposition of different pattern ele- 
ments. 


—- } =~ tl O4N + 


~¥BUV 2 O 


ASOVE: Figure 6 - The pattern elements being prée- 
pared in ART-3. 


BELO: A detail of patterns from these elements. 
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rial 


agOWE: Figure 7 - Textures denerated by superpo= 
sing different pattern elements, 


4,2 BRUSHES FOR UNIFORM AND RANDOM TEXTURES 


The uniferm texture brush and the random tex- 
ture brush are elementary brushes in ART-3. A 
uniform texture is generated by drawing a pattern 
element of a given size on lattice points at re- 
sular intervals, 4 random texture is generated 
by drawing randomly chosen paltern elements on 
lattice points at regular intervals. The size 
of the pattern element and the interval of kate 
tice axes on which patterns are drawn are speci- 
fied by the user, 


Although the pattern elements are drawn only 
on lattice points for surface-painting, they are 
drawn on either horizontal or vertical lattice 
axes for contour-drawing (cf, Figure 7}. 


4,3 FUNCTIONAL PATIERNS 


By functional patterna, we mean the patterns 
whose gray scales are spatially changed by simple 
mathematical functions. In addition te the uni- 
fora and random textures, ART-3 can generate three 
types of functional patterns: 


1, The first type is such that the size 
the pattern element is changed} 


2, The second type is such that the dengity 
of the pattern element is changed with the size 
fixed; 


4, The third type is such that the pattern 
elements themselves are changed with the size 
Fixed, 


Figure & shows several functional patterns 
generated by ART=3. 


ART=3 provides the user with about forty 
pattern functions, and it allows the user bo da-— 
fine nis pattern functions. For a functional pat- 
tern, the pattern element bo be drawn at the 
lattice point (£,¥] is determined by the value of 

Fak, + crf (XX, Y-¥o3 @) by, 
where fF is a pattern function of two variables. 
Other symbols appearing in F are parameters de- 
fined by the user, and they have the following 
tieanings: The vector (X.,%,) is the pattern 
center; fg and c are, respectively, the average 
vaiue and the masnibtude of variation of F, ard a 
and b are parameters characterizing f. AL1] of 
these parameters are given default values. for 
example, (X.,f¢} is set to the center of the 
figure part to be processed unless it is apeci~ 
fied by the user. 


BELOW, BEFT AND RIGHT TLAVSTRATYONS: Pigure @ —- 
Examples of fumctional patterns generated by AFT=3. 
Notice che rhythmical guaii#y of the painting ac- 
complished by these functional patterns, eminently 
suited for textiles and decorative applications, 
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4,4 COLORED PICTURES 


ART-3 is equipped with a facility for fe- 
erating colored pictures, That is, it can 
generate three separate pictures, corresponding 
to three primary colors, which combine to maka 
a cole picture, However, the generation of 
colored pictures is considerably expensive, and 
the desired tint is not easy te attain, This is 
one of the faults of using blotters aa output 
devices, 


5. CONCLUDING REMARKS 


We have always classified beauty expressed 
by pictures inte three types: natural beauty, 
mathematical beauty, ard creative beauty, /4/ 

By using ART}=3, we have aimed at combining na- 
tural beauty with mathematical beauty to generate 
new types of pictures. We think our aim is ac- 
complished to some extent by ART-3. 


Figures 9 and 10 show our recent works ge- 
nerated by ART-3. Our system ia, however, nat 
a well-equipped system ~- except for the elemen- 
tary facilities for processing hand-drawn figures, 
it provides the user only with a facility for ge- 
nerating functional patterns. With ART-3, it is 
very hard to generate delicate patterns. We have 
many things te do to make the systom more pover- 
ful, and we are planning to implement several art 
techniques. 
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ABWE; Figure 9 - A pieturé génerated by ART-3. 
The titie of this picture is “Mandarin fueks I, 
The shapags of mandazin ducks and tha tree were 
drawn by hand, The ducks were painted by the uni- 
form texture brush, and the trees and the pond were 
Painted Sy Functional pattern brushes, 
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ABOVE: Figure 10 - The title of this picture is "Mandarin Ducks TI". Using the ART-3 system, each duck is 
painted uniguely. fhe waye forms are painted in perspective, The ART-37 system affords works that are more 
painterly in guality than Tinear art systems, with greater textural richness, 


INTERNATICGNAL INVITATIONAL OF COMPUTER GRAPHICS 


Huntsville Museum of Srt, Huntsville, Alabama 


ART OF THE SPACE ERA 


PARTICIPATING ARTISTS 


Manuel Barbadiile - SPAIN 
Kiaus Basset - GERMANY 
Otte Beckmann - AvSTRrA 
Jean Bevis - USA 

Dan Cohen + USA 

Hoger Cogart - BELGIUN 
Analivia Cordeiro - BRAZIL 
Kenneth Dunker - USA 
Herbert Franke - GERMANY Robert Morriss - USA 
Charles Fritchie - Usa Katherine Nash - usa 
Aldo Giorgini - USA CO, 3B, Rubenstein - USA 
Groupe Couleur de Belfort — FRANCE Duane Palyka = USA 

Grace C, Hertiein - USA Mutsuka K. Sasaki — JAPAN 
Matjaz Hmeljak - FrALy 


Lillian Schearts - USA 
Sture Johannesson — SWEDEN Javier Segui - SPAIN 
Kerry Jones - USA 


Paul Shac - USA 
Sten Kallin - SWEDEN Keith Sonnier - USA 


Kenneth Knowlton - Usa Stan Vanderbeek - USA 
Bilt Nolomyjec - USA 
Richard Land - USA 


Ber Laposky - USA 

Frank Malina - FRANCE 

Robert Maiiary - USA 

=. fT. Manning - U5A 

Tomisiay Wikulic - YUGOSLAVIA 
Petar Milojevic + CANADA 
Manfred MoAr,- FRANCE 

Vera Moinar - FRANCE 


James Ver Hague - USA 
Edvard Zajec - ITALY 
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NEW SYSTEMS 


INTELLECT 


4y Miere Consultants, Ine. 
P, 0. Box 10057 
Palo Alte, California 94303 
Teiephone {4¢15)/321-0832 PELE 334420 
nn ser 
WHY INTELLECT? 


The manipulation of pictures by digital methods is 
finding increasing application in diverse areas -- 


ranging from broadcast television, infra-red imaging 


and military image processing, to médical electro. 


nics, sonogram displays and pattern generation equip- 


ment for commercial artists, 


Although it has long Seen acknowledged that digzitel 
techniques have much to offer, particularly where 
flexibility is important -- the implementation and 
optimization of the appropriate functien on anything 
but a theoretical basis is often a tedious, cumber- 
gome task, 


Even small changes in special purpose hardware are 
difficult and expensive be undertake, and although 
the digital computer has been available to make 
light work of the computational aspects, the peri- 
pheral equipment necessary for entering images as 
data into the computer, and for displaying the 
computed results, has not been sa readily avail- 
able, Thosé pieces of equipment that have been 
built tend to be slow or inflexible, and frequent- 
ly, they limit the quality of the picture, 


What has been needed is an interactive, intelligent 
system that has the ability to capture and process 
large quantities of date quickly, aa well as display 
the results in real-time - as the computation prio- 
ceeds, Further, these new media must perform their 
function without degrading the quality of the ori- 
ginal image. 


Such equipment can make a significant contribution 
to the interactive design function, since thase 

users agsoclated with imege analysis or processing 
Can enter a picturs, choase an algorithm, and then 
observe the result in a matter of seconds. Those 
users associated with image synthesis can shserve 
the picture at Pull cesolution as it is created. 


INTELLECT is an intelligent television system for 
the electronic generation and processing of pic- 
tures, which for the first time, gives the designer 
interaction with his machine. In real-time, a frame 
of video may now be captured, displayed, and inter- 
faced to a computer. The resolution of this systen, 
both spatial and gray tone, has been matched to that 
of conventional television -- ensuring no degrada~ 
tion af the picture. The operator is free to pro- 
cess the captured frame in many differant ways by 
therely changing the computer program, while obsery- 
ing the picture on a flicker-free screen, 


INTELLECT is equally applicable in the field of 
synthetic pictures. These may be drawn by the con- 
puter, as in the case of pattern generation and 
graphics applications, or derived from an alterna- 
tive source of signal, as in the case of spectrum 
analysis or radar processing. 


FROM INDUSTRY 


ABOVE: An image “Captured” by the INTELLEC! System, 


This equipment has also been designed with the 
hardware engineer in mind, Since facilities have 
been included for adding hardware processing to the 
video paths, Hybrid functions, simultaneously cam 
bining beth hardware and software processing, are 
also possible, 


Micro Consultants Limited have developed a new 
programming language te complement INTELLECT, This 
language, known as "ART", is a high level operating 
system capable of allowing users not familiar with 
programming ta fully utilize the interactive capa- 
bilities of the system, 


TECHNICAL DESCRIPTION 


INTELLECT essentially comprises a digital video 
frame store, a high speed video input, a high speed 
video output, 4 mini computer, and a hardware in- 
terface, The video input can capture in real- 
time, a frame of incoming video while the video 
output is able to continually reproduce the con- 
tents of the store in raster format at Standard 
television rates for display on a conventional 
ioniter, The mini-computer can modify or analyze 
at Will the contents of the store under software 
control and the hardware interface may ultimately 
replace the computer software with hardware, 


The System - The system is centered around the 
video frame store, which is able to hold two fields 
of 256 lines, each Line containing 512 picture 
points, The frame store is so arranged that it 

can accept video at up to 15 MHz sampling frequency 
and reproduce it for display at the samé rate. The 
reading and writing processes for the store are in- 
dependent, can operate simultaneously and may also 
be completely asynchronous. The mini-computer has 
direct access ta any picture point in the stere and 
may either read information from the frame store, 
write information to it, or alternatively remove 
data from the picture, modify it and replace it. 
The contents of the store may, at any time, be dis- 


played on the TY monitor by the operator, 


NOTE: For further infermation on tne INTELLECT 
SYSTEM, write or call Micreconsultents, Ine. 
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NEW SYSTEMS 


RAMTEX COLORGRAPSICS TERHINAL AND LARGE SCREEW 
PROTECTION SYSTEM 


by Bantex Corporation 
4565 Norté Mary at Maude 


Sunnyvale, Caiifornia 34096 


Telephone {40a /775-8400 


TWH: ILI-339=9379 


ABOVE: The mew Ramtek Colorgraphics Terminal in 
conjunction with @ large screen projection system 
ta présent colezr computer graphics in the classroom, 
Part of the University's Visual Math Project, the 
Ramtex terminal permits graphic color represesnta— 
tion of mathematical concepts in courses such @s 
Physies, engineering, chemistry, mathematics, and 
statistics. dbove, Professor Raiph Abraham, Head 
of the University program, finds that the system is 
a@ Yery magnetic teaching tool, Tt commands instant 
a¢tention and proionged attention from students at. 
aii teveis of study, 


FROM INDUSTRY 


VISUAL MATHEMATICS - UNIVERSITY OF CALEFORWIA, 
SANTA CRUZ 


4 new color graphics display terminal system by 
Ramtek Corporation is enabling students to better 
understand the nature of advanced mathematical 
concepts at the University of California, Santa 
Cruz. This is oné of the first studénl-interactive 
schemes to present large color computer graphics in 
the classroon, 


The system, which includes a 6200 color graphics 
terminal, projects color representations of 3-D fi- 
gures. In mathenatics, a "dimension" can mean any 
additional parameter, Hence, the addition of color 
te the graphic presentation of a mathematical func- 
tion cen permit the student ta easily visualize up 
te five dimensions. 


The color ¢raphics terminal permits greaphie color 
presentation of mathematics in these typicel courses: 
machanics, electricity, optics, thermodynamics, @q- 
gineering structures, fluid dynanics, electronics, 
molecular structure, calculug, differential equa- 
tions, geometry, linear algebra, and atatistica, 


The new system also offers control software with a 
wide varlety of true graphic possibilities, such 

as conics, vectors, plots, bar charts, and a high- 
speed alphanumerics refresh feature with single- 
character addressability within a visible matrix of 
25 rows of 20 characters, Selective erase, modifi- 
cation and update are also featuped, Other options 
are available, such as extended AAM memory, interac- 
tive joystick and packaged scltware, 


The staff of the UC Santa Cruz campus uses the 
system an average of 30 hours per week, Frofessor 
Abraham's project produces video tapes for soecific 
lecturés of lessons at tne request of any professor, 
An exkensive library of graphics software for visual 
mathematics has béén ersated for these tasks, This 
means that if an instructor is siving a standard lec- 
ture on linear transformations or éxplaining bino- 
nial distributions, he or she can piay this tape 

for the students and start and stop the display et 
Will, The color yideo graphics can be displayed on 
a large screen by an AGB video projector for classes 
of up to 100 students, 


——— 


NOTE: For further information, readers may contac 
Ramtek Corporation at the above address, 


BEL: PAysics graphics by Alfred 
Bork, UC, Irvine. 


PHYSICS DIALOGS FOR STUDENT USE 
VO _ _ — EE 
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COMPUTER MAP OVERLAYS 
FOR LAND MANAGEMENT 


The authors are Robert A. Johnston, Assistant Professor of Environmental Planning, 


Division of Environmental Studies, Davis; Michael J. Singer, Assistant Professor, 
Department of Land, Air and Water Resources, Davis; and Linda J. Thorpe, 


Senior EDP Analyst, Division of Environmental Studies, Davis. 


This publication represents an equal effort on the part of the authors. 
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Land managers, land use planners, anc other persons 
who need to make decisions about land use are faced 
with the formidable task of integrating a growing and 
poorly organized data base. Although large amounts 
of geovraphic data are desirable in planning for Jand 
use, an analyst can be overwhelmed by the number of 
diverse data sets available and the difficulty in manipu- 
lating them, The planner must choose the combination 
of variables that will help solve whatever planning or 
mangement problem is at hand. In general, the number 
of mapped variables that can be used is limited by the 
analyst's ability to combine these variables efficiently. 


Examples of large and diverse geographic data bases 
are easy to find. The United States Census is a source 
of data for city planners. It contains, among other 
information, hundreds of characteristics of popula- 
tion and hausing, listed by counties, cities, tracts, and 
block wroups. Sources of physical resource data, such 
as soil survey reports or geologic maps, also contain a 
great many variables (lable 1}, 


FREER ERS: 


ee eee | 


One commen method of assembling data is to prepare 
a clear plastic map of each variable. On each map, the 
state or level of each variable is assigned a color, Then 
pens with translucent ink are used to color the plastic 
by hand. Once the maps are produced, the analyst can 
superimpose them on one another and then peer 
through the stack, examining combinations of variables 
of interest. This method is fine if the problem is simple 
and does not require in-depth or long-term analysis. 
However, the use of plastic overlay maps has two main 
disadvantages: a large amount of expensive hand work 
ts necessary; and the results are semi-quantitative at 
best, 


Numerous computer mapping programs have been 
developed by universities and state and federal agencies 
to solve, in a practical way, the problems of analyzing 
geographic data and to offer planners and manayers 
an alternative to the hand overlay technique. Many of 
these computer mapping systems have been reviewed 
by Tomlinson (1972). 


EXAMPLES OF sey cane REPORT DATA. Several states, including Virginia, Minnesota, and Illi- 
; x noeis, maintain statewide data bases in digital form. 
SOIL PROPERTIES | INTERPRETATIONS These systems use computer programs that can put out 
Physical Chemical dala on a geographic basis. Sources ot information 
profile type pH Pamiinieennei= about these systems include: a list of many of the sys- 
number of | conductivity capability lems {Johnston, Thorpe, and Long 1975); a summary af 
horizons classifications the systems available (Phillips 1974}; an examination 
kinds of | salinity sunlability far of resource information systems (fom and Miller 1974}; 
pariearis | ae am and a review of those analysis programs used in Cali- 
bulk density alkalinity ee al fornia (Miller 1975). 
clay mineralogy nutrient status suilahility for houses 
soi depth | suitability for This publication discusses the advantages of compuiter 
embankments mapping techniques, using, as examples, research proj- 
engineering ecls completed by means of a computer mapping system 
einer available through the Division of Environmental 
eer 2 | Studies at the University of California, Davis. 
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Division of Agricultural Sciences 
UNIVERSITY OF CALIFORNIA 


LAND USE MAPPING PROGRAMS (LUMP) 


ERR: 


‘The system known as LUMP, Land Use Mapping 
Propraims, was started in 1971, The system was devel- 
oped to meet the necds of researchers in many disci- 
plines on the campus and of land use planners in 
northera Calilornia, These two groups required a fast, 
celalively inexpensive, highly flexible system for han- 
dling and analyzing peographic data. 


In 1971, several dozen computerized geographic infor- 
mation systems existed. There were several reasons for 
inthiating, a aw system. 


The campus compuler, a Burroughs Bé700, is signifi- 
cantly different trom Hs majer counterparts. Since 
converted programs often do not run efficiently on 
the He7O0, it was decided that it was as feasible to 
develop a new system as if was to convert available 
SYSERITS, 


In the University community, there is a rather unique 
slat user abjectives, which were not fully served by 
ay existing system. Same of these objectives are 
capability to combine natural and social data at a 
low cust and capability to enter dala trom a variety 
al media. 


Anew system could incorporate good features from 
aoninnber of existing systems. 
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CAPABILITIES 


Input 


Geographic information systems include options far 
modes ob entry, analysis, and output. Do not confuse 
yeoyraphic information systems with programs that 
simply make maps, 


in the LUMP system, data may be entered in one of 
several ways [figure 1). Dala may be hand coded and 
keypunched ana grid or polygon basis [not illustrated]. 
For each x-y cell in the grid, any number of variables 
may be entered. The number of variables depends on 
the complexity of the problem and the capacity of the 
compuler. Por large data sets, this procedure is cumber- 
Some, 


fitout scission susie ics iisscts prac ictaate eiucics seat cca 


A less time-consuming procedure is to use the digitizer 
for semi-automatic input of geographic data. Maps, 
drawings, or acrial photes that represent any kind of 
geographic data may be entered by tracing the homo- 
gencous areas of interest on an electronic digitizing 
device, usually a table. Maps are taped te the table, 
the orizin {cell 0,0] is set electronically, and the cleciran- 
ic sensor is guided over the boundaries of the areas of 
interest. The data, tagether with their x and y coor- 
dinates, go directly to a computer and ultimately to a 
rmapnetic starage device, such as a tape or disc. Data 
entered in this manner may be at any scale and the 
choice of grid size for retrieval and output can be 
determined by the user. However, output maps cannel 
represent data with greater accuracy than was available 
on the input maps. 


A third input procedure is GRID/BASE. By using inter- 
active terminals on a time-sharing basis, it is possible 
to enter, directly into a computer, data that can be 
overlaid by a grid. This feature makes it possible to 
enter data cell by cell, but bypasses the coding of 
sheets and the punching of cards. 


GRID/BASE and GRID/MASTER are computer pro- 
Krams that create files that represent a map as a matrix 
of grid cells, initially, a background value is assigned 
to all cells for all variables entered. The user then 
addresses a cel] by x and y coordinates and enters a list 
of values for the variables. To simplify the entry of 
identical data in a row of cells, the user may specify a 
repeat factor for the number of adjacent cells that have 
the same values. 


if point data, such as precipitation measurements, exist 
for a small number of cells, values for the ovher grid 
cells can be generated by the use ot contouring programs 
that fill in the missing data. 


Optical distortion of aerial photos can be rectified and 
maps can be translated from one projection to another. 
For example, polyconic map dala can be translated to 
UTM* grid data. Editing of input can be done on-line 
by using a time-sharing terminal or off-line by punching 
conventional cards. 


“UTM stands bor Universal Transverse elercaeor 
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INTERACTIVE GRID/BASE | 
TERMINAL GRID/MASTER 


BASE 
or 


MASTER 
Files 


DIGITIZER 


EDIT 
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MERGE 


DENSIFY cS 
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: ANALYSIS 
Pe PROGRAMS 


MAPPERNAT Analysis 


Results 


MAPPERCHOR 


Figure 7 4 flow chart showing Ihe principal modes of tnpul into Ihe LUMP system 
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These and ather input capabililies provide considerable 
flexibility for users of mapping systems, Bach system 
diHers in cost, required equipment, and necessary labor. 
Ultimately, lata entry leads to the crealion af an in- 


formation system. 


In LUMP, this information system is the master file 
where base maps created by any combination of the 
above techniyres are merged. This master Jile is the 
heart of the LUM system. Each record in the master 
file correspands loa unique x-y coordinate and contains 
a value tar cach of the variables entered. The LUMP 
master dile has been designed so that it is easily used by 
a variety ob specialized programs, including several 
weithon For LUMP as well as those in general use else- 


where. 


This miedular desygg concept has resulted in a system 
with wreat versatility. Although upalates anal corrections 
are possibly, the File only needs lo be created once. [tf 
new atabipulatians are oeveded, special programs can 
be devised to operate on the master file 


ae eee ee he eT 


Analysis 


The niaster lile may be conceplialized as a slack of 
maps thrash whieh the user cun see all the variable 
slales lor a ssiveny sy griel cell Wignre 2p. In the analysis 
phase, which as alisuiacl [rom date entry aml mapping, 
computer programs analyze the map, cell by cell, and 
compute funchons on the variables or look der particu: 
lar combinadions oF variable states, 


The result of the analysis may include statistics, areas, 
or tables oF combinations, and a File that may be used 
tooimake a nap sheiving the locations of various com- 
binations or values of a function. For example, an 
analysis may result in a table of acreages of prime 
ayriculluraldand in an area; the map shows where these 
lancls are. (See Fiyzure 3. Por a discussian ot other aspects 


at these miuapia, reler fo page 13. 


LUMPY COMBO is a program that uses the master files 
to Final all possible combinations of a sel of features 
that have a finite number of states, For example, this 
type of analysis requires that a variable, such as slope, 
be calegorized as low, medium, or high, not given in 
deyrees. For three variables, such as-soil tertility, lana 
use, and slape with three, two, and three variable states, 
respectively, there would be eighteen possible combina- 
tions of variable states. 


The line drawings are by Uy Thanh Ly. 
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Figure 2. The cancepet of the master file 


The LUMPYCOMBO program tinds, all the slates thal 
actually exist, the lrequency larga] of each state, anal 
then reports this result ina table sorted so that the most 
common combination of variable states is tirst. This 
table listing the combinations of variable states may be 
usedt fo desivn a map. Figure d is an example of such a 
map where land use with two slates—urban or nonur- 
ban andl soil fertility measured as high, medium, or 
low —were used to create six combination categories. 
No key tor this map is shown, but the darkest arcas 
show where hiphly Fertile land is put to an urban land 
use ant the nuxt darkest areas show nontertile lana in 
a nonurban use. The lightest areas show highly rertile 
land in a noourban use. 


The master tile was designed do have a simple «lala 
structure to facililale its use wilh standard analysis 
packages. Thy package mast frequently used is oPS5, 
Statistical Package for the Social Seteaces, a general 
an widely used computer program with a number of 
data modification features as well as stalistical features 
(Nie et af, J976). Among its many uses, 37°55 can be 
used to compute functions, create correlaiian matrices, 
and produce cross tabulations among variables. The 
results of SPSS analyses may be output in a form con- 
venient fer LUMI? mapping. 
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Lovel Symkol Glass Limits Frequancy area % Area 
yet PALES PALER La Fl Pe! Gh 
1 aot o.oo a8 1616 12.02 a 
2 10.00 19.99 a aa55 35 33 ol : 
“4 Y 
3 26.00 3999 37 5223 ai 42 


4 4000 5999 1s 344 27a 


6 at sooo 7999 18 4768 377 *. 


B aooo 10000 19 5G 473 * 
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in sume casts, a veer neds a unique analysis of gen- 
yruphic data, so special programs are weotlen ta honcle 
jusl the aulysis phase. Figure 5 shows a system where 
2 LUM master tile was used as input for a program lo 
calculate erosion poleatial for each cell where there are 
interdependencies among cells. LUMP analyses normal- 
ly treat each cell independently. However, in this case, 
a special program was wrilten Lo de the analysis 
because the interdependencices amony cells were impor- 
tant. 
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Figure 4. Combination map that shows fertility in 
relation lo urbanization in Sacramento County. 


eee esses setae ensees ee 


Output 


The LUMP system can produce, in mapped form, any 
combinalion or funclion af variables generated cheering 
the analysis phase. The maps are produced by standard 
line printers or by more specialized typewriter printers 
thal use letlers, numbers, ar shaded characters. The 
types of maps that can be prepared include movatory 
Naps, PHerpreltie maps, ComBiNatlOn nips, and valle 
SEEGHT PeeetpIS. 


An inpemfory map is merely a line printer depiction of 


the single variable input map. An example would be a 
printer image of a slope map. 


if 


A more interesting use of the system is the production 
of an interpretive snap. This type of map is produced 
when a user defines 2 new variable as some function of 
the inventory variables in the master file. For example, 
different levels of seismic safety may be defined as a 
function of geologic, topagraphic, and population den- 
sity variables. (See figure 3 for an illustration of an 
interpretive function map of prime agricultural tands.} 


MAP DATA 
SOILS 


VEGETATION 
LAND USE 
GEOLOGY 


DIGITIZING 


A combination mip shows overlapping areas of given 
values of variables chosen by the user, In the LUMP 
system, one analysis program calculates the number of 
occurrences of all the possible combinations of the 
variable states chosen for the combination map. This 
information greatly enhances the ability of the user to 
sort through the large amount of date available in the 
master File. It is possible to print maps of all or any 


CELL SPECIFIC 
MAP DATA 

DRAINAGE DIRECTION 

* OF CONTOUR LINES 

STREAM DRAINAGE CELL 


LUMP GRID PROGRAM 


DATA FILES ON 
MAGNETIC TAPE 


LUMP MASTER MERGE 


MASTER FILE 
SINGLE BASE MAP 


EROSION PROGRAM 


CONTROL CARDS 


FIXED VALUE VARIABLES | pyuncu 
CARDS 


[EROSION PROGRAM 


| RESULTS 
NET EROSION /CELL 
NET EROSION/BASIN, 
SUB BASIN, WATERSHED 


LUMP OUTPUT 
OPTION 


MULTIPLE 
GRAY SCALE 
MAP OUTPUT 


EROSION PROGRAM 


LINE PRINTER | 
OUTPUT 
SUMMARIES 


Figure 5. Aflow chart of a system for calgulating erosion 
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subset af the combinations that oecur, An example of 
a continatian map would be a map that depicts po- 
tential peablems in land use, such as prime agricultural 
land zoned for nenagriculturcal purpuases. Sce tigure 4 
loran example ofa combination map thal shows urban- 
izalion and soil bertiliry. 


The foauth general type of map rs the vovedicatigas ricap), 
This ivpe of map is created when inventary and inter- 
prelive Variables and stakes important to acd analysis are 
choavn anid given value weights. A total weighted value 
is valoulateel Jor each cell according ta a selectesdt 
vation. The values are then porkrayect through a set of 


Figure S Evaluation map af erosion nazar in Ward Valley, 


gray seale ling printer characters. Evalialion maps are 
similar ta interpretive function maps, excepl that the 
new variables created are more subjective. Examples 
al evaluation maps are maps of erosion hazard (figure 
6) and neighborhood pedestrian dependency (figure 7}. 


Cutput for ail options is in ihe form ur square gray 
scale characters. Processar time and cost increase with 
the number of cells produced. Printer Hime and casi 
vary wilh the number of overprints required for dark 
shades and the number of categories the user wishes lo 
depict, A key te the characters is printed as part of the 
autput and may include a title and optional descripiive 


NET EROSION MAP 


Symbol 


Level Class Limits Fraquancy 
1 a01 § 00 aguid 
2 507 4O OO 1120 
g 50 01 190 00 248 
4 100 1 000 00 930 


Placer County 


Figure ¢. Evalualigon map al neighbornoed pedestrian dependency for Ihe central portion of Sacramento County. 
(Deleted because of space.) 
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ext supplied by the user. The key shows a block of the 
averprinted characters for each level of the function or 
combination of variable states on the map. Beside the 
black showing the gray scale are the lower and upper 
imits for values shown by the map and a cell frequency 
count {figure 6} or choroplethic area frequency count 
fisure 7}. In some cases, the ground area covered by 
the value range is also shown, {See figure 3.) 


The map in figure 7 is somewhat different from the 
other maps illustrated) because the data are handled as 
choropleths rather than as cells. A choropleth is an 
area where all the information is uniform. Choreplethic 
napping is less expensive than cell mapping because 
data are not stored cell by cell, 


The output graphic characters are assigned value 
ranges, either manually or automatically. Maps can 
be accompanied by tables showing the frequency of 
distribution of output cells and, in the case of cambina- 
dion maps, by correlation matrices. Output map scales 
may be continuously varied by using a special printer. 
This allows the user to select an input grid size that is 
independent of oudput scale considerations. Another 
uselul capability allows the “windowing” of different 
scale fant! cell ‘size) maps inte specific portions of 
larger maps where preaier accuracy is needled. 


The choice of the number of variables to be interpreted 
and the number of shades of gray to be printed is critical 
in determining the clarity and usefulness of the product. 
[f too many outpul calegories are selected, it can result 
inacluttered map that is difficult to interpret. 
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DISCUSSION 


fis cMportant to emphasize that LUMP can use data 
entered through boundary digitizing, the usual input 
mau, to produce yrid maps of any desired cell size. 
This use of polygon {traced} input to produce inexpen- 
sive gtrid) Output is an imporiant feature of LUMP, 
Polygon input is advantayeous because it allows large 
numbers of crude, cheap (large cell] maps to be used 
during the experimentation phase of an analysis and 
mare accurate, better looking [small cell) maps ta be 
produced for display or publication. 


The ability to produce inexpensive working maps 
permits trial-and-error testing of many different inter- 
pretive, combination, and evaluation maps. In this way, 
it is possthle ta develop an understanding of the rela- 
tionships among geographic data. The use of small 
program modules for each task also keeps costs low. 


Finally, ALGOL, which uses pointers instead of formats, 
cuts computation expenses greatly over typical FOR- 
TRAN mapping programs. 


LUMP was designed to be inexpensive and, at the same 
time, to allows lots of experimentation with working 
maps. The use of plotter {pen} output was rejected 
because it was extremely expensive and was not tech- 
nically suited for the production of maps that combine 
a large number of variables. In general, computer maps 
produced on standard high-speed printers are not 
aesthetically pleasing because the intercharacter spaces 
are ioo great, the lines are not straight, and the ribbon 
quality varies from map to map. New special printer 
terminals are slower, but procuce relatively high-quality 
maps. These maps are adequate for most uses and can 
be color enhanced by hand or transferred to traditional 
hand-colored transparent overlays, which can then be 
placed over typical cultural base maps for public 
presentations. 


An image display system that produces a full-color 
image on a television monitor will be functional soon 
and will be used to produce full-color maps by using 
photographic techniques. 


In 1976, Schwarzbarl et al. evaluated seven computer 
mapping syslems used by various United States Forest 
Service regions. The systems were classified into two 
broad categories—ygrid systems and line {or polygan) 
systems, When compared to polygon systems, it was 
found Lhat grid systems were relatively inexpensive, 
but were quite fimiled in their capabilities. 


LUMP exhibits the lower cost that is characteristic of 
grid systems and possesses capabilities found lacking 
in the systems discussed by Schwarzbart. If desired, 
LUMP can be interfaced with programs to produce 
plotter output. However, printer maps can be prepared 
in any desired cell size and at any scale because data 
are usually tnput and stered in polygons. Area calcu- 
Jations and statistical manipulations can he performed 
and scales can be changed internally. In oulpul, polygon 
counts are tcasible, overlays are not limited ta twa, 
plotter oulput is available, and shading can be done, 


Schwarzbart’s study found that the cost of a polyson 
system exceeded the cost of preparing manual overlays, 
regardless of the number of overlays desired. However, 
when six to seventeen overlays were needed, grid sys- 
lerns became more efficient in terms of cost than dia 
manual prodtiction, depending on the details at the 
process. The LUMP system combines the advantages 
of bath-grid and polygen systems at or below the cost 
of typical grid systems. 
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SOME USES OF LUMP 
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Before describing some uses of LUMP for current 
projects, an important question needs to be considered: 
Does the work you are doing require or justify the use 
of a computer system? Only the individual user can 
completely answer this question, but several guidelines 
are helpful in making a decisten. 


The number of variables required to complete a specific 
project is the most critical factor in determining whether 
er not to use a computer graphics system. Only a few 
variables are easily represented by hand-drawn overlay 
maps. However, a computer graphics system can cor- 
relate large numbers of variables for analysis. For 
example, LUMP can “see” through dozens of overlaid 
variables for [he purpose of evaluating data. 


Another important consideration igs whether the user 
anticipales a need for continued use af the data. Ctten, 
if the planning effort is small scale or on a one-time 
basis only, computer graphics systems have no advan- 
tages over hand-overlay methods because there is a 
large, fixed cost for input of dala into the computer. 
In tact, there is the major disadvantage of having to 
train people to prepare dala for input and in mades of 
input. However, modern electronics make computer 
daia highly accessible on short ootice once input has 
been prepared. Maps can he produced in a matler of 
hours, something that is not possible when maps are 
preparect by hand. 


4, third consideration is the complexity of the analysis 
dlesired. The number of variables, meed For re-use, 
speed, analytical complexity, and cost are all factors 
that must be considered before selecting any computer 
system. If continuous use of the system is desirable or 
if complex maps are required, the use of a computer 
system is essential. 


LUMP is currently used io analyze data for a wile 
variely of planning problems. These problems can be 
grouped inte two broad categories: physical resaurce 
planoing ancl soacta-economuc plannoing. 


PHYSICAI. RESOURCE PLANNING 


In California, seismic safety is a major consideration in 
the design of structures. Numerous lactors must be can- 
sidered when determining potential loss from an earth- 
quake or when determining necessary design elements 


for specific areas. This is true in the Santa Clara Valley, 
which lies near sea level berween several major faull 
ZOnes. 


The Association of Bay Area Governments used LUMP 
to prepare maps of the potential cost of seismic hazards 
in the Santa Clara Valley. The costs of develaping dit- 
ferent areas of the Valley were estimated tram yrounc 
celi calculations as a function of type of land use, level 
of geologic hazard, and value of mineral resources. The 
present value ol duture dollar costs was used in this 
example of an evaluation map thigure 8}. The map 
depicts the future costs per acre of develaping: multi- 
family residential uses. 


Another use of resource data is lo determine it using 
land fer urban purposes is in conflict with ayriculture, 
See figure 4 for an example of a LUMI? combination 
map showing urban and nonurban Janci uses cormbined! 
with three levels of soil fertility in Sacramento County. 
The darkest shade shows where ihe most Fertile agri- 
cultural Jand is being used for nonagricullural uses. 


The map in figure 4 geographically displays areas that 
may be of future concern: agricultural lands ihat lie 
between urban areas. When a plastic overlay of cultural 
features is placed on the map, it shows that the clark 
area in the northwest corner, which is the Sacramenlo 
airport, is connected Io downtown Sacramento by a 
major freeway. This corridor is well located fer tuture 
development. ft is also an area of excellent Farmland, 
This conflict in potential uses is graphteally shewn by 
the computer map. 


A third example of physical resource planning is the 
determination of prime agricultiral lands for agricul- 
tural zoning. Prime land is land that can best be used 
tor agriculture, but that can be detined in a number of 
ways. The use of difterent definitions can result in the 
inclusion or exclusion of areas of lama tram the prime 
caleyery. Thus, the chotce of definitian plays a critical 
role in land use planning. Compuler maps provide t 
useful mechanism for camparing different detinitions 
of prime Jand. (See figure 3 tor examples of such maps. 
In these examples, class limits are Storie Index ranges. | 


In figure 3, map 1, prime agricultural land has been 
defined as Storie Index 80 to 100. Those areas consid- 
ered prime agricultural land ace printed in black. The 
other Storie classes are prinled in various shades of 
gray. In figure 3, map 2, prime land is detined as Storie 
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Index 60 ta 100. This class is printed in black. The lands 
treated differently by the wa definitions are shown by 
the conflict map, figure 3. Computer analysis makes 
this difference obvious. The effects on ihis tawnsitip 
(36 square miles] in Yolo County will be quite cifferent, 
depending on which of the two definitions is used to 
define prime land. Both of these definitions are being 
considered in proposed legislation dealing with prime 
land in California. 


The computer makes it easy to print maps using a wide 
variety of definitions, once the data needled for <leter- 
mining the classifications are entereci into the master 
file. The advantage is that numerous definitions can be 
geographically displayed and the effect on particular 
locations, tax bases, and land use patterns can be readily 
determined. 


LUMP was developed for use in planning and research 
problems and can be finked lo resource models. Gne 
area of research uses seographically arrayed variables 
in various combinations to calculate new parameters. 
An example of this linking of geographic dala lo dy- 
namic models is the use of mapped data to calculale 
erasion potential For watersheds. This type of mapping 
requires information about soil, topographic, climatic, 
hydrologic. and biological factors. To calculate erosion 
potential, these data must be known for each cell in 
a watershed. It is possible to make this type of calcu- 
lalion by crealing a master file fram maps and data 
files and then using the master File as input te an evalua- 
tion function. See figure S for an illustratian of one 
sysiem of handling these data. 


Geographic data, such as soil and vegetation maps and 
land use. are digitized oa an electronic digitizing table. 
Each cligitized map is stered in a separate tile on a mag- 
netic lape or disc, Topoyraphic information, water flow 
direction, and watershed basin and sub-basin identiti- 
cation are entered’ through the GRID/BASE program. 
These data are also on a separate magnetic tape ur cise, 


The infermation in all files is then merged into one 
master file so that each cull in the watershed is uniquely 
detined and each cell has all the information necessary 
far the erosion calculations. This master file is used as 
the data input mechanism lor a special sel of programs 
interfaced with the LUMP system. The resulis of the 
erosion program can be used to produce maps of dif- 
ferent levels of erosion hazard. {See figure a. The class 
limits in this figure are potential soil loss levels in tons 
per acre.) 
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SOCIO-ECONOMIC PLANNING 


Aman other questions, planners often ask how «differ- 
ent zoning revulations will affect Jand values and soil 
erosion. Computer mapping can help answer this ques- 
tion, In the Nicasio Valley [Marin County], a 34-square- 
mtile watershed was digitized in three zoning palterns— 
the existing zoning and two hypothetical schemes of 
ecologic zoning. Parcel boundary, scenic view areas, 
brush coverage, and land capability tor urbanization 
maps were digitized. Data on assessed valuation, 
dwellings built, and Williamson Act status were also 
entered, Thraugh evaluation maps based on economic 
models of land value and a moclel of sail loss, maps 
and tables were produced to estimate and display the 
effects of the three zoning patterns on land values, fax 
base, road view amenity, and soi] erasion. 


The source of much socio-econemic infarmalion is 
the United States Census data stored on magnetic tapes. 
This information can be fed into LUMP software and 
computer maps can be used ta show the geographic 
distribution af the data. Two examples are iilustrated 


in Figures 7 and 9 where tract data are handled as 
choropleths. 


In a study of the level of neighborhood pedestrian de- 
pendency in a portion of Sacramente, this variable is 
detined as a function of the percentage of households 
withoul automobiles, the percentage of the population 
too young or toa old to drive, and other variables 
taken From the housing and population census tapes. 
One or more census Iracts are used to approximate 
neighborhoods. Freeway planners would try to avoid 
locating a route through neighborhoods that have a 
high degree of dependency on pedestrian travel. 


Figure 9 shows the boundaries of minor traffic zones 
used in a multi-counly transportation study performed 
by ihe Sacramenio Regional Area Planning Commission 
in 1975. There are one or more of these minor traffic 
zones in a census tract and they have recently been used 
in crime analyses. Various crime data, reported by street 
address, are coded ta census tract and minor traffic 
zones, analyzed, and mapped in an effort to make police 
services more responsive and efficient. 


FUTURE NEEDS AND DEVELOPMENTS 


Reh pee ee oe es ee ey 


LUM? serves a wide range of research needs within 
the University and [ancl management agencies, As cur- 
rent projects expand or as new ones are started, LUMP 
capabilities will be added to meet new needs. Adding 
capabilities is a relatively simple and inexpensive pro- 
cecure because current data tiles do not have to be re- 
built or re-designed. Instead, new software can be 
written to operate on existing or new master files. This 
will result in expanded flexibility of existing master 
files, since neither they nor existing programs will be- 
come inoperative due to new demands on the system. 


Vhe use of LUMP is expected to increase as the need 
for efficient handling and mapping of geographic data 


increases and! documentation procedures improve. The 
system) was nol developed lo compete with private 
inclustry systems, which are available on a contract 
basis to perform known production jobs. However, 
the development of LUMP will depend, to some deyree, 
on the continuous presentation of new problems, 


LUMP is in the public domain and programm listings and 
manuals are available. Wf you wish more information 
about the applications of LUMP or ofher systems to 
planning programs, please coniacl the Division of En- 
vironmental Studies ai the University of California, 
Davis. 


REFERENCES 


Johnston, R. A.; Thorpe, L. J.; and Long, T. H. 
1975, “Land Use Mapping Programs.” Unpublished 
report. Davis: University of California, Division of 
Environmental Studies. 


Ststotacscccessencesty 


Miller, William R. 


1975. A Survey of Geographically Based Information 
Systems fn Califoria. Sacramento: California State 
Intergovernmental Board on Electronic Data Process- 
ing. 


sss uSaitteEsteaces| 


26 COMPUTER GRAPHICS and ART for August, 1978 


Nie, Norman; Hull, C, Hadlai; Jenkins, Jean C.; 
Steinbrenner, Karin; and Brent, Dale H. 


1970, SPS5, Statistical Package for the Social Sciences, 


New York: McGraw-Hill. 


Phillips, Richard L. 
1974, "Computer Graphics in Urban and Enviren- 
mental Systems.” Proceedings of the [EEE 62(4)-:437- 
452. 


Schwarzbart, Gideon; Hirsch, Ernest; Lennon, 

Thomas P.; Robertson, John R.; Rockey, Eugene R.; 

and Valjer, Ernst 5. 
1976. Analysis of Computer Support Systents for 
Multi-functional Planning: Report (Hf: Summary Re- 
port. Berkeley, California: Pacific Southwest Porest 
and Range Experiment Station. 


qr 


il it 
i = le 
pia 


AE 


= 
=_— 
——— 


' 


th 
I 


a A qm, Pa wale 
et “a AN Ni a Nea 
i i egies 
Been, as 


Lim 


dh i it’s 


fi 
Hh 


Hi 


i} 


nae 
at >? ) 


hi 
aM 
rs 
Ce 


i) 


il 


pul 


if 
ae i ‘ eae pe eroafh 


ano 
ie 


it if 


Al 


inn 

aa 

i aut i ae 
a ieee 


ee ' 


Thorpe, Linda f. 
1077. Land Use Mapping Progranis: Users’ Maral. 
Davis: University of California, Institute of Ecology. 


Tom, L., and Miller, 1. 
1974, A Review of Compnter-Based Resource Infor- 
mation Systems, Fort Calling: Colorado State Uni- 
versity, Department of Forestry and Wood Sciences. 


Tormlinsan, R. F., editar. 
1972. Geographic Date Hanaltug. Oltawa, Canada: 
UNESCOVIGU Second Symposium on Geographic 
Information Systems. 


ee ee ee ee ee 2 ee re ee 


Figure 9. Inventory map of minor traffic zones in the Sacramento region. 
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UNIMAGINABLE IMAGES: 
AN ART OF THE SPACE ERA 


by Joseph FP. Covington, ITI 
Curator of Education 
Suntsvilie Museum of Art* 
700 Monroe Street, 3. . 
Huntsville, Alabama 35201 


The Huntsvilia "International Fxyhibition of 
Computer Graphics" is @ campanion exhibirian to 
Naré of the Space Era,” which features artistic 
documentation af the exploration of space and the 
kinetic art that utilizes space age technology. 
MWeither the space effort nor the advances in tech- 
nology would have been possible without computers. 
These “thinking” machines are agsuming 4a greater 
roie in the existence of Aumankind. The current 
axhibition explores the relationship between com- 
puter technology and aasthetic exploration, 


HISTORY 


Computer-generated and computer-assistad art 
is stiii in its infancg, To attemot definitive 
judgment in this new field in i978 would be as 
foolhardy as the condemnation of Impressionism 4 
century ago before the experiments of individual 
artists had run their course and had begun to in- 
fluence a new generation, 


It wags only 4 guarter-century ago that com- 
puters became commercially available, Less than 
a decade later, in the sarily 1960's, eguipment was 
developed to allow graphic displays of the infor- 
mation retrievable from computers, Computer spe- 
eialists and other scientists almost immediateiy 
realized the potential of computer graphics for 
gelence and indugtry, 


The Heil Telephone Laboratories in New Jersey 
produced some of tha earliest practical applice- 
tions of computer graphics in industrial research, 
Dr, & E. Zajac used a computer-generated film in 
2963 to simulate the motion of a communications 
Sateliite. Heil computer spacialists are responsi- 
bie for mang past and present experiments with com- 
puter visuals, 


Boeing adapred the computer's capabilities ta 
the visualization of several profiems in airpiane 
Flight, It was foeing who popularized the term 
“computer graphics," still the most common designa- 
tion for two-dimensional works generated by compu- 
ters, Seience and industry continue to be the pri- 
mary Denefictaries of the graphic output of compu- 
ters. 


EARLY COMPUTER GRAPHICS 


Producers of computer graphics very quickiy 
conceived the idea of using the computer as a tool 
for producing art, Although the initiai computer 
graphics were intended to illustrate mathematical 
and physical phenomena, these works pleased the 
sense ef visual design of some scientists and, more 
importantiy, at this stage, stimulated the imagine- 
tion Of others, 


‘Text copyright by the Huntsville Museum of Art. 
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Bariy experiments were more interesting Be- 
cause of theiz implications for the fucure role 
of machines In Heretofore exclusively human en- 
deavors than for the intrinsic beauty of the works, 
Mang people who saw pictures made with computer 
printouts dismissed them as curious by-products 
of technology, Nevertheless, the increasingly 
sophisticated technigues of scientists and the 
attempts by a few intrepid artists brought a 
méasure af attention to camputer graphics @s art 
by the mid-I960's, 


In 1968 the first importent international ex- 
hibition of computer-generated art was organized 
at the institute for Contemporary Arts in London, 
with the felicitous title "Cubernetic Serendipity," 
The principal organizer and editor of the accon< 
panying book was Jasia Reichardt, Articles in 
this volume deal not only with computer oraphics 
but also with the relationships between technology 
and many arts, 
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4HOVE: "Universal Declaration of Human Rights" by 
Kenneth Knowlton, CRY output. This is an example 
of conputer technigues that has @ strong social 
commentary. The work was enecuted in 1971. 
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ABOVE; "Tapestry" by Xen Knowlton and Lillian 
Sehwartz, an example of eariy coligboration Se- 
tween computer scientists and artists. CkT oute 
put photograph. 


John Cage wrote on computers and misic. Wen 
¥ing Tsai exhibited early examples of fis lovely 
kinetic sculpture. Lowell Nesbitt contributed 
paintings, and James Seawright "Cybernetic Scuip- 
ture” (as they have again in the other current 
Huntsville exhibition on ‘Art of che Space Era"), 


The computer-assisted graphics of six artises 
in the Nuntsville "International Invitational,* 
Ken Knowlton, Stan Vanderbeek, Ben Laposky, Frank 
Malina, Peter Milojfevio and Duane Palyka, can be 
compared €0 their contributions ten years ago in 
"Cybernetic Serendipity." Knowlton and Yanderbeex 
were then producing films which were primarity of 
an iflustrative nature. Their recent prints are 
mare colorful, more textural, and more aesthaticali- 
iy pleasing. Palyxa has accomplished enormous 
stylistic advancements from mathematical printouts 
composed of typewriter symbais -- and with no di- 
rect artist contact with the computer -- te his 
regent, colorful works of imagination. Mileojfevic's 
work, similariy, 5OW shows more humor and fancy 
than bis eariier networks of Jines and cubes. 
Malina is represented here, not by a Kinetic Light 
Work, 45 In i968, Syt by two miniature paintings 
of @xtfa-terrestrial scenes. Perhaps Laposky is 
the most consistent of this group in that he is 
still producing oscillascaps photoyraphs.* 


BELG; 4Hetamorphosis" by Jacques Dupre, Paris, 
France. CRY output, with emphasis on transfor- 
mation of design, 


COMPUTER GRAPHICS 


The present state of computer-asaisted art 
paraijeis somewhat that of kinetic art, as out- 
dined by Carclyn 4, Wood in "Art of the Space Era‘: 
after a period of excitement and optimism, techni- 
cai difficulties have ovenrheimed some early artists, 
whe have abandoned the Field to those who are dedi- 
cated @nough te master the technical requirements, 
and to go beyond facile diagrams in search of géenu- 
Ine aesthetic achievament, 


Much of the resistdnce to compuiter-assisted 
art is founded on the mistaken assumption that the 
machine USUrps the traditional role of the artist 
as ereator. There may be an element of truth in 
this belief in that the artist as crafesian fe, in 
Sone cases, supplanted by the automatic operations 
of the computer's printmaking fenction. The crea- 
tive power, however, remains uniquely within the 
human mind; the compurer performs according to its 
instructions. Any computer-generated image mast be 
prepared by &@ program, 


The computer's instructions must se fod inta 
it dn a way that the machine can handle, fhe 
"rules of che game" are determined for the compu- 
ter by che “program,” the set of instructions given 
by the programmer, 


Programs are fed into the computer fhardware} 
an punched cards (software), which determine the 
coordinates of soints, much Iike those on the "x" 
and "¥" axes of 2a graph. Lines connecting these 
points form linear drawings. There are several 
"languages" oz sets af coded Instruetions in ge- 
neral use by computer programmars. 


Aa important point in the development of 
computer-assisted art came when artists realized 
that accomplishing their objectives depends an the 
creation of programing languages that allow the 
sophisticated aesthetic thought of the artist te 
be transmitted to the computer, The necessary col~ 
jaberation botween artist and computer programmer 
is difficult and aas limited the success of ar- 
tists! experiments in this field, 


The response of many kinetic artists to tech- 
nical problems has been to use simpler technoloyy. 
The nature of computers, however, reguires sophis- 
tication and specialization of programs. The fu- 
ture Of computer-assisted art may depend on the 
artists! mastery of computer languages so that 
they can produce programs suited toa their needs. 
auch of the contribution of Kenneth Knowlton at 
Bell Laboratories is his authorship of program- 
ming languages For producing images. 


computers do not make images, They simply 
store, organize and repreduce information which 
is fed into chem, In order to yenerété 2 eompu— 
ter print, one of several types of devices must 
be added, These devices are either typewriters 
(line printers), plotters, or cathode ray tubes, 


*For additional illustrations of works cited In 
this discussion, see the February and May, 19768 


Commuter Graphics & Art. 
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age; Line printer output by Kiaus Basset, 
Stuttgart, Germany, with examples of varied pat- 
terns that may be achieved, 


I, Printers - The First method af data re- 
trieval From computers was the printout, By 
operating a typenwtziter, the computer can print 
verbal and mathematical infermation. Sines these 
machines print typewriter letters and symbels in 
whatever order is asked of them by the operator, 
the symbols may be arranged to form a picture, 
rather than words, Some symbols appear darker 
than others and are used te print dark dréas of 
the picture, Additional cantrast can be produced 
by having combinations of symbols further darken 
some area. TAis method has the advantage of gra- 
dations of grey From black to white, but offers 
dittle intrinsic beauty unless greatly refined. 
Printouts are usuaify black and white pictures on 
industrial paper. Printout pictures based on 
Scanned photographs can often be obtained in amuse- 
mené parks, in which case they are more novelties 
than aesthetic works. 


ABOVE: "Blagonale, Raumbeschretbende Natrixform"™ 
by Kigus asset. These works have a specific ap- 
peal in their "solidity", departing from the Iinear 
emphasis so predominant in most computer art, 


2. Plotters - The davelopment of the plotter 
enormously enhanced the visual interest of eempu- 
ter graphics. A plotter is a device that, when 
given instructions by a computer, moves @ pen to 
make a Tine drawing. While mest early computer 
graphics were Slack and white, any color ink may 
be used in the plotter pen, and efther in felr- 
tip or bali-point form, The drawings are, of 
course, linear -- with Iittele variation in thics- 
ness of line. Teature can be produced by combi- 
nations of line patterns, as Jean Bevis does in his 
his "Seated ude," 


The plotter has the additional benefit of ai- 
lowing in somé cases, & variety of good quality 
papers te be used, If the paper ives, it must he 
of a Kind that will go through the machine. 


Many arresting visual diagrams describe cury- 
ing lines based on the actions of physical forces; 
for example, the requiar changing motion of a 
swinging pendulum, or mathematical fungtions, These 
patterns OF gurving lines, often overlapping to 
form variations of texture and shade, are called 
Lissajous figures, after the lgth century French 
scientist who used a mechanical device to describe 
them, aAlthongh among the most elegant early plot- 
ted drawings, Lissajous figures seem leas prami- 
nent among computer-assisted artists than @ decade 
ago, 


Piotters have produced a wide variety of 
images from representational to abstract, "Ab- 
gtraction” is perhaps an appropriate term for many 
geometric forms taken from nature, but it is not 
applicable to purely nonrepresentational line pat- 
terns. 


One gift of the computer to the artist is the 
capability of forming combinations of lines based 
not on bis conscious or unconscious banx of images 
ang associations, but on random numbers as coor- 
dinates, These patterns are abstracted From no- 
thing, thus taking art a step gloser to “art for 
art's sake," 


fhe range of plotted drawings can be seen by 
comparing William Kolomyjec's easily recognizable 
“Plying Elephants" with Hutsuko Sasaki's "Naples 
in Storm," @ combination of representational and 
nonrepresentational patterns produced an a CalComp 
pietter, and with Shao and Dunker's purely geome- 
tiic “sup Tze 30," 


ABOVE: Detail of “Meta hanguage It“ by Manfred 
Mohr, plotter output - an @xampie of mathematics 
approaches to computer art, 
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480VE: Example from “The Flower Series® by Richard 
Land and Dan Cohen, CRT output, (See the Hay, 1978 
Computer Graphics and Art for an article by the 

two artists.) Wark is displayed in black and white, 
and then phetegraphed with cojor filters. 


3. Cathode Ray Tubes - The third medium of 
camputer graphics is the cathode ray tube (CRT). 
fon Laposky pioneered printmaking with the CRP in 
the form of an aseiliescope as early ag 1980, 
{Figure 7) Within the CRT, lines are produced by 
directing a stream of electrons at a Fiverescent 
soreen, rather iike a television monitor. The 
image on the sereen becomes 4 print only when gho- 
tographead., This method has Seen used extensively 
for computer-assisted movies, In fact, many compu- 
ter prints are “stilis" from films, 


@ artist 4 measure of control, 
- the image as he sees it appear 

a re making 4 print, Originally 
white i1 on Siack, CHi' prints were later pho- 
tegraphed in color by using combinations of red, 
dlue and green filters for the primary colors of 
tight. 


Richard Land and Dan Cohen's Dance is 4a pat- 
tern of lines photographed in color from a CRI, 
Although "Dance" is a nonrepresentational pattern 
of curving lines, It suggests mation and the visual 
beauty of choreography. This work 15 one of a 
series called "Flowers" and “Hirds," ail linear 
abstractions and yet capturing some of the essence 
of delicacy and fiight, 


BELOW: Detail from CRT output in chemistry and 
physics teaching, by Charlies J. Fritehie and 
Robert Morciss, Tulane University, New Orleans, 


LIMITATIONS OF HARDWARE 


The existing hardware for printing computer 
eraphics has limited the development of the ar-= 
tists’ aesthetic stules, Computer arr has heen 
dismissed by some critics who object to the Iine- 
arity and the absence of color and texture in the 
drawings, Many artists have felt severely limited 
as Weil by their hardware, Their sofutions to 
these problems will be séen in the discussion be- 
dow of the "New Directions" in computer art, 


THS CREATIVE TMPULS5 


Twe motivations direct the axperimentation 
of computer artists: the intelieotual ad the 
aesthetic. 


Computer graphics were born as diagrams of 
mathematical formulas and illustrations of unre- 
alized objects in Aypothetical situations; the 
ability of the computer to diagram these concerts 
remains the animating force behind much of the 
Work being done. 


Computer images transcend the level of ilius- 
tration, however, only whan the eyes is stimulated 
along with the intellect, Some artists emphasize 
the intellectuai quality or the sensory quality 
over the other, 


THE INTELLECTUAL MOTIVATION 


Selentists and mathematicians are more Iikely 
ogyce diagrams based on logic than on intui- 
tion. ‘ha predominance of angular drawings From 
point-te=point plotting is a resulé of their scien- 
tific usefuiness as well as of limitations an 
hardware, HWanfred Mort's art is typical of compu- 
ter generated prints controlled by mathematics, 


c 
a 
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Many scientists and computer specialists 
have not responded enthusiasticaiiy to iass ra- 
tional art. The philosophy of Edvard 2ajec pre- 
sents this intellectual point of view: “Pho 

Most Bromising aspect underlying computer art is 
the possibiigey for the visualization of thougat 
«the far reaching consequences that these new 
possibilities wiii have on the mode of expres- 
sien are not te be seen in the aré objects them- 
selves fcamputer graphics) but rather in the pro- 
cass by Which they were made." The emphasis 

in Zajec's statement, as in those of William 
Kolomyjec and other artists in the exhibition, is 
more on the cybernetic function of the computer in 
art than on gesthetic Farm, 


THE ABSTHETIC MOTIVATTON 


An attitude fundamentaliy different From 
that of Zajec is shared by artists who are object- 
oriented, rather than process-oriented, Vera 
Moinar's statement iéaves no doubt as to her mo- 
tivation: “The task of the painter ig to create 
forms, Combinations of forms, accarding to eri- 
teria calied ‘plastic! by aestheticians,,,’plastict 
means 'a feast for €hée eyés,' A feast must have 
Sensoriail bases; painting which is not done for 
the eyes ig not painting." 


MNolnmar's "2500 Trapeziums" has & geometric 
appearance Similar te that of many mathematioalily 
plotted drawings. Her work shows that geometry 
can be the source of both inteliectual and sensory 
Simuiation. 
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AHOWS: "Scene Design" by Otto Beckmann, Fienna, 
Austria. CRP output from a hyfrid camputer system 
designed for this purpose hy Otto Beckmann and his 
colleagues in Vienna. 


James ¢,. Ver Hague exemplifies the mathemati- 
cian who, through experiments with computer-assis- 
ted forms, has discoverad the intrinsic Beauty of 
Well desagned objects. 


Tt ds -- in the tradition of Leanardg -- the 
sofentist who ig sensitive to the aesthetig value 
of form and the artist who has absorbed the Know-— 
jedge produced through technology who will banefit 
most from computer art, It is the complate being 
who will produce the satisfying images that in- 
crease Auman percegtion of the worid in some new 
way, the art Vers Molnar describes as "Unimaginabie 
Gmageg: An Art of the Space sara." 


THE ROLE OF GEOMETRY TN COMPUTER ART 


The intellectual significance of a jlarge nmum- 
fer of computer images lies in ¢he computer's ex- 
Dloration of the geometric structure of the uni- 
verse. The graphic function of the computer is 
based on coordinate geometry, Sy manipuiating hAoe- 
rizontal ami vertical coordinate points, the he- 
puter reveals the configurations possibie From a 
given s#€ of instructions. A semiotic analysis of 
geometric structure is impossibie here, Sut some 
ciassification can be made of the approaches ta 
geometric structure by the artists in the exhi- 
bition, 


Artists may either break naturai forms into 
Simpie components fanaiysis) or combine forms into 
superstructures fsynthesis), #ither of these opera- 
tions, which the cubists anticipated throuth imtui- 
fion, can be accomplished in the computer by logic. 


CMOMETERY: THe AWALYTICAD APEROACH 


Three artists heve used machines to anaiyze 
the stricture of objects, ££, fT, Manning's biock 
picture, “Werhner Von Sraun” simptifies the Bunan 
form inte squares of various singie solors, THis 
process utilizes an optical processor to accomplish 
a task somewhat reminiscent of Cezanne's analysis 
of ofjects tn planes of color, Liltian Schwartz 
in her "Lillian If" transforms a human face into 
tiny Slacks, ranging in shade from black te white. 


She aiso separates and shifts planes, causing 
structural permutationg, Pepresenting 2 different 
subjact, Gtta Beckmann's “Architecture of Stage" 
analyzes white and bisck, These black and white 
masses have the effect of an x-ray photograph, 
which eliminates the unessencial portion af an ob- 
ject so that one may recognize the sub-structure. 


CAOMETREY: THE SYNTHETIC AEPROACH 


Sunthesis is the principle underlying che 
stfucture af 4 considerable number of computer- 
assisted designs, &dvacd Zajeo's "Scherzo for 
Matrix and Figures" gyerlaps simple shapes formed 
by 0ld black lines, The combinatioss af rectan= 
Qles, triangles, and ovoid figures are delimited 
Within rectangular Frames. Tae entire series of 
eight compositions tagsther on one shrat of paper 
fort & superstructure, 


The apparentiy randon distribution of Zajects 
varying Figures contrasts with bhe very reguier 
erganization oF Shao and Dunker's "fup Tre 35,7 
The tdatter is 4a tightly constructed shape composed 
of refterations of lines and crosses, "Sup Tze 30” 
suygests the harnomy of nature, while Zajec's 
figures give an impression af diversity, 


Other comparisons place in relief the varie} 

yo of syntheses amang the linear, geometric pro- 
ducts of the womputer, Javier Segui's combina- 
tions of tines and circles seam to represent 
chaos in comparison with Vera Molnar's subtle, 
rhythmic variations on the theme of the trapezoid, 
Herbert Franke's "Sioogram" and MNutsuko Sasaki's 
"Maples in Storm" both convey energy in motion by 
building patterns of small reoeangies, but tae " 


ARGVE: “Gearge Washingson” by £2, T, Manning, 7' x 
S' — an exampte of 2a spatially) guantized image, 
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Some artists! experiments in synthesis probe 
the function of syntactic relationships. Manuel 
Harbadilioe speaks of the coneuter-qenerated mo- 
dudes arranged in hits serigraphs as his “alphabet,” 
He uses this mxlular alphabet to create larger 
structures, The drama of his syntheses, usueily 
in groups of Four modules, comes from the differ- 
Ing perception of the Four modules because of 
their positions in the group, The Groupe Couleur 
da Yelfort creates a similar suntax with two 
modules, fere the halves are matrices of Flat 
colors containing roverse rectilinear patterns, 
Since the tyro modules are othervise identical, 
coler and the position of the pattern function 
as morphemes within the syntactic structure. 


GEOMSURY: THE ABSTAET IO APPROACH 


Geonatry <= whatever ita atgnifieance within 
a work -- is also a link between computer-assistod 
imagery and the aesthetic theories of some of 
the most important artists of the 2004 century. 
Mondrian is a precurser of much computer art in 
that he dntroduced simple geometric shaper as 2 
subject of art. We bagan painting represente- 
tdonal lamiscapes and then distilied his designs 
to geometric shapes, Mondrian's many sxperiments 
with combinations of rectangles could be carried 
owt in @ €ing fraction of time by a computer, Re- 
cognition of the aestheticaily successful combi- 
nations would, of course, depend on the eye of the 
artist. 


Computeregenerated images frequentiy meet the 
criteria of minimalise art set by Prank Stetia 
ant others. Gaometric forms are parfect material 
for the construction of more representational 
Pictures for their own sake, pure visual abjects, 
The stripe paintings of Steila or Morris Louis 
might be compared with some of tha computer vorks 
of Robert Nailary, 


BELO: Detail of a computer-designed textile by 
Grace C, Hecthein. [In the past three years, tae 
artist has experimented with computer art appli- 
cations im textiles and walipapers, 
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Perhaps the mast widely accepted artist who 
is associated with computer-aided art is Josef 
Albers, Aibears' Bauhaus philosophy of bringing 
art through technology to a mass audience is being 
Gonrinued today by the Groupe Couleur de Beifort, 
who bave applied computer-assisted images to sub- 
Way decoration. Albers' interest in serial imagery 
predated Ais computer prints by several decades tut 
reached its conclusion in the series “Embossed 
Linear Constructions" produced at Gemini ¢.a,L. 
in Los Angeles in 1969, These embossings were 
printed from plates engraved by an entirely auto- 
matic process activated by digital tape. Albers 
had written in 1942 that the effects of Bis prints 
based on paraliel lines "require the yse of ruler 
and draughting pen and establish unmodulated lines 
as @ legitimate artistic means. Jn this way they 
oppose a belfef that the handmade is better than 
the maghine made, or that mechanical consteuetion 
is anti-graphic or unable ta arouse emotion.*! 


NEW DIRECTIONS 


The emergence of more versatile hardware now 
allows more varied forms and richer coler in compu- 
ter-assisted art, Artists are currently drawing on 
special tablets which allow their input to the com- 
puter to be more painterly and tess linear, more 
arganic and less angular, The "Strange Sird" of 
Duane Palyka, executed with a frame buffer and Film, 
perhaps goes furthest From geometry among the works 
in the exhibition, Tho image is Fantastic and or- 
ganic, Tt is also disturbing to one's sense of 
jogic and order, This type af work subjects tha 
rationaiity of the programmer to the imagination 
of the artist. 


The Aybrid fanalog-digital) computer used by 
Otte Beckmann yields Further variety of form, While 
there ig an @2fement af similarity among most analog 
canputer graphics, the dhysrid computer Is more 
versatile and enriches the field with néw styles, 


In addition toa new means of generating images, 
there are now more waus of printing then, <A great 
number of computer-assisted artists are dissatis- 
Fied with the timitations of the plotter and the 
CRP, Since about Tors, they have enhanced the 
calor, texture, and painterliness of their comp~u- 
ter-assisted works by transforming computer de- 
signs into serigraphs or paintings, HNanuel Barba- 
dilio censiders his printout pictures only quickly 
produced sketches to be transformed by him inte 
works of art lixe his serigraph in the exhibition, 
Grace Herélein's silk-sereened textile Work if an 
example of the application of camputer-géenerated 
patterns to decorative @res. Stan Vanterbeek, an 
@arly computer filmmaker, is represented here by 
etchings. These artists have not lessened the 
inportance of computer-generated images; rather 
they Rave multiplied the media in whieh computer 
designs ¢an be printed and thus have inoreased the 
artists! gantrol of the sesthetic value of the 
Finished werks, 


Phe shift to traditional art media by some 
artists after years of experimentation with com— 
puter images may indicate the beginning of a peri~ 
od of maturity in computer-asgsisted art. 


J ouated by Riva Castleman in Contemporary 
Prints, New York: Viking, 1973, 146 pages. 
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and people formerly Computers and Automation 
The magazine of the design, applications, and tmplications of information processing systems. 


BERKELEY ENTERPRISES, INC. 
815 WASHINGTON &T. 
NEWTONVILLE, MASS. 02160 
617-332-5453 


Dear Friend, 


You may be interested in cur monthly magazine “Computers and People" 
(formerly “Computers and Automation"} -- the oldest magazine 
in the field of computers and data processing, published since 1951. 


Qux policy is to publish factual, useful, and understandable information 
related to computers, their applications, their implications, and 
society, and controversies cannected with the computer. 


Our authors have included: 


Dr. Jerome B. Wiesner, President, Mass, Inst. of Technology 
Cc. FP, Snow, English statesman, author of "The Two Cultures" 
Prof, John Kenneth Galbraith, Harvard University 
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Dr. Simon Ramo, Chaizman Executive Committee, TRW Inc. 

Dy, Carl Sagan, Cornell University 


and many more distinguished persons with important views 
We would like to offer you a subscription, whereby if you subscribe now and@ 
send payment, we will send you TWO FREE issues -- and we refund your money 
within 16 days if the magazine is not satisfactory to you. 
HOW CAN YOU LOSE? 
May we hear from you? 
Yours sincerely, 


EAtmrmmncd - Coavralin 


ECB; be Edmund ©. Berkeley 
Editor, Computers and People 


TG: Berkeley Enterprises Inc., 815 Washington St., Newtonville, MA 02160 
i } YES, please send me { } 2 FREE sample issues. { enclose: 
{ } payment of $11.50 annual subscription price (U.S.A.), or 


( } my organization's purchase order, signed 


{ ) My mame and address are attached 
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COMPUTER GRAPHICS AND ART 


COMPUTER GRAPHICS and ART is a new intemational 
quarterly of interdisciplinary graphics for graphics people and 
computer artists. This new periodical is aimed at students, 
teachets, people from undergraduate and graduate institutions, 
researchers, and individuals working professionally in graphics. 
Its tapical coverage is broad, embracing a variety of fields. 
it is useful, informative, entertaining, and current. 


IT’S RENEWAL TIME 


THE STATE OF THE ART OF COMPUTER GRAPHICS 
AND ART 


COMPUTER GRAPHICS and ART is a new fnterna- 
tional quarterly of imterdisciplinary graphics 
for professional graphics people and computer 
artists. COMPUTER GRAPHICS and ART is now in 
Volume 3 of publication. 


This periodical is aimed at students, teachers, 
people from undergraduate and graduate insti- 
tutions, researchers -- and individuals wark- 
ing in graphics, Its topical coverage is 
beoad, embracing a variety of fields. It is 
useful, informative, and current. 


CONTRIBUTING EDITORS TO OG&A 


Aifred Bork, Univ. of California, Irvine 

Charles Csuri, Ohio State Univ., Cleveland 

Herbert W. Franke, Munich, Germany 

Arthur W. fuehrmann, Dartmouth College, 
Hanover, New Hampshire 

Abraham Moles, Univ. of Strasbourg, France 

Nicholas Negroponte, Mass, Inst. of Tech- 
nology, Cambridge, Mass, 

Jackie Potts, Social Security Adm., Halti- 
more, Maryland 

Eric Teicholz, farvacd University, Cambridge, 
Mass. 


ADVISORY BOARD MEMBERS 


Edmund C, Berkeley, Editor and Publisher, 
Newtonvitile, Mass. 

Charles Glassmire, Rabert Morris Coliege, 
Coraopotia, Pa. 

Kenneth Knowlton, Beli Labs, Murray Rill, NT 

Frank Malina, Editor, Leonardo, Paris, France 

Frieder Nake, Univ. of Bremen, Germany 

Joseph Raben, Editor, Computers & the Humani- 
ties, Queens College, Flushing, WY 

Richard Speer, Evergrean State College, 
Olympia, Washington 


COMPUTER GRAPHICS and ART is edited gy Pro- 
fessor Grace C. Hertlein, California State 
University, Chico, Her work in pioneering 
computer graphics and art courses has received 
national and international recognition, She 
is awriter, bibliographer, artist, and educa- 
tional innovator, and her work is featured in 
many national and international conferences. 


COMPUTER GRAPHICS and ART is a magazine that 
encourages participation from its readers-- 

in the Form of articles, papers, iliustra- 
taons. We cerdially invite your participation. 
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Send your manuscripts, papers, art, and ideas to: 


Editor, COMPUTER GRAPHICS and ART 
Berkeley Enterprises, Inc. — Chico Beanch 
565 Vallombrosa - No. 35 

Chico, California 95926 


TO; COMPUTER GHAPHICS AND ART 
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815 Washington Skt. 
Newtonville, MA 92160 
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subscription for $10 per year. 
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tion for $13 per year, 
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scription for $15 per year. 


{ 1} Enclosed ig my PERSONAL CHECK arrd/or 
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HERE IS YOUR OPPORTUNITY FOR FEEDBACK TO US: 


{ ) I hope to submit material for publication 
on the following topics 


{ } I am interested in reading materials by 
the Following authors 


{ } Lam interested in coverage of the fol- 
lowing subjects 


{ } Additional comments {attach another paper 
if needed) 
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Speciai rates apply to students and 
te members of computer graphics and 
art societies, Please attach evidence 
of membership with application. 


PERSONAL, SPECIAL: $8 per year, USA 
& CANADA. FOREIGN SPECTAL: $11 per 
year. fSee page 2 for details.} 
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